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Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to
synchronizing media content between a source device
and a target playback device, and more particularly to
pre-transcoding the media content prior to connecting
the devices for the synchronizing.

BACKGROUND

[0002] As digital media technology continues to ad-
vance and the cost of storage continues to decline, us-
ers increasingly host and consume digital media on their
own primary computers (e.g., desktop PCs). Examples
of such digital media include music, video, still pictures,
and so on.

[0003] In addition, a corresponding increase in the
availability of portable media playback devices such as
personal digital assistants (PDAs), hand-held comput-
ers, laptop computers, and smart phones is providing
users more ubiquitous access to information than ever.
As users rely more and more on such portable comput-
ing devices, there is a growing need for applications that
effectively transfer digital media from source devices,
such as primary computers, to the portable devices.
[0004] In the past, transcoding digital media for use
on portable media playback devices has been done "on-
the-fly", or at the time the media is being transferred
from the source device (e.g., desktop PC). Transcoding
typically includes altering a media file through one or
more transcoding processes including, for example,
converting a media file from one format to another (e.g.,
MP3 to WMA) so the file will play on the playback device,
down-sampling the file to a lower bit rate to reduce the
amount of storage space needed on the playback de-
vice, adapting the screen size of the file so video ap-
pears correctly on the playback device. One important
reason for transcoding may be to convert a media file to
a format having lower CPU requirements for decoding,
since "desktop" content may be too complex to decode
effectively on a device with a lower-powered processor,
such as a portable media playback device. On-the-fly
transcoding of digital media generally occurs during
synchronization of media content between a source de-
vice such as a desktop PC and a target playback device,
at the time the devices are connected together.

[0005] Although transcoding can be a time-consum-
ing process, several factors have generally made the
added time needed for on-the-fly transcoding during
media transfers a reasonable inconvenience. For exam-
ple, until recently, most portable media playback devic-
es were audio-only devices supporting audio file formats
such as MP3 and WMA Transcoding (e.g., changing the
bit rate and/or file format) a 3 minute song file while
transferring it to a playback device adds only around 20
seconds to the transfer time. In addition, limited storage
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capability on a playback device limits the amount of me-
diathat can be transferred to the device, making the time
required for transcoding less noticeable.

[0006] With portable media playback devices now
able to hold gigabytes of content, however, in addition
to more and more of these devices including video ca-
pability, the time required for transcoding media content
while transferring it to a playback device can have a
much greater adverse impact on the overall user expe-
rience. Transferring an increased amount of media con-
tent to fill a larger storage capacity on a newer device
compounds the problem of the time-consuming trans-
code process noted above. In addition, transcoding vid-
eo content for devices that provide video playback can
be much more time intensive than transcoding audio
content, which is primarily what has been transcoded
for most media playback devices in the past. As an ex-
ample, desktop video can consume disk space at rates
in excess of 1 GB per hour, and the complexity of the
video encoding process causes video transcoding to
generally take between %2 and 2x "real time" to complete.
Therefore, performing all file transcoding tasks at the
actual time that media files are being transferred to a
playback device may no longer be acceptable.

[0007] Accordingly, a need exists for a way to reduce
the time required for transferring digital media content
when synchronizing the content between a source de-
vice and a target media playback device.

SUMMARY

[0008] A systemand methods are described for trans-
coding digital media content on a source computer in
anticipation of the content being copied to one or more
target media playback devices in a content synchroni-
zation process. The media content is typically fully trans-
coded in the background on the source computer before
a target playback device is connected for the synchro-
nization process.

[0009] The system provides a transcode architecture
that includes a transcode control module, a transcode
cache for storing transcoded media files, and a trans-
code database for storing media status information re-
lated to one or more target playback devices along with
the playback capabilities of those devices. The media
status information includes rules that a user has set up
to indicate which media content on the source computer
they wish to have copied to the one or more target play-
back devices. The rules in the transcode database may
be entered through different applications on the source
computer, such as a media player application.

[0010] The transcode control module monitors and
updates the transcode database and pre-transcodes
media content that is destined for synchronization to a
target playback device. When new media arrives in a
media library (e.g., from a media player application), the
transcode control module determines if a target play-
back device desires that media. If so, the transcode con-
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trol module transcodes the media content and stores it
in the transcode cache in anticipation of a synchroniza-
tion process in which the transcoded media will be cop-
ied to the target playback device.

[0011] Media status information in the transcode da-
tabase is updated so that when the target playback de-
vice is connected to the source computer for synchroni-
zation, the transcode control module can quickly deter-
mine which media content is to be copied to the target
device, and whether or not that media content has been
transcoded and stored in the transcode cache. Assum-
ing the media content has already been fully transcoded
and stored in the transcode cache, the content can be
immediately transferred to the target playback device
with no delay in time. If the media content has not been
transcoded yet, the transcode module prioritizes that
content above other transcode tasks in order to trans-
code it as fast as possible and complete the current syn-
chronization process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The same reference numerals are used
throughout the drawings to reference like components
and features.

Fig. 1illustrates an exemplary environment suitable
for pre-transcoding media content on a source com-
puting device in anticipation of transferring the me-
dia content to a subsequently coupled target media
playback device.

Fig. 2 illustrates a block diagram representation of
an exemplary source device that is suitable for
background transcoding of media content destined
for copying to a target playback device.

Figs. 3 - 5 illustrate exemplary tables in an exem-
plary transcode database.

Fig. 6 illustrates an exemplary media library and an
exemplary table of an exemplary transcode data-
base.

Fig. 7 illustrates an exemplary transcode timeline
that shows a priority order of transcoding media
files.

Fig. 8 illustrates an exemplary transcode timeline
with an adjusted transcode priority.

Fig. 9 illustrates an exemplary transcode timeline
with an interrupted transcode priority.

Fig. 10 illustrates an exemplary transcode process
with throttling of processing power devoted to the
transcode process.

Fig. 11 is a flow diagram illustrating exemplary
methods for background transcoding.

Fig. 12 is a continuation of the flow diagram of Fig.
11 illustrating exemplary methods for background
transcoding.

Fig. 13 illustrates an exemplary computing environ-
ment suitable for implementing computing devices
such as those discussed with reference to Figs. 1
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through 12.

DETAILED DESCRIPTION

Introduction

[0013] The following discussion is directed to a sys-
tem and methods for transcoding media content in the
background on a source computer device prior to such
time as a target media playback device is connected to
the source computer for synchronization of the media
content. The system and methods anticipate which me-
dia content to background-transcode based on user in-
put rules and media status data that are maintained in
a transcode database. Pre-transcoding media content
as discussed herein provides advantages that include
a significant reduction in the time needed to synchronize
media content between a source computer and a target
media playback device. Another advantage is an effi-
cient use of CPU power for transcoding media content
at times when the CPU might otherwise stand idle.

Exemplary Background Transcoding Environment

[0014] Figure 1 illustrates an exemplary environment
100 suitable for pre-transcoding media content on a
source computing device 102 in anticipation of transfer-
ring the media content to a subsequently coupled target
media playback device 104. The exemplary environ-
ment 100 generally illustrates a source-target media
content synchronization scenario in which a target play-
back device 104 is coupled to a source device 102 for
the purpose of transferring pre-transcoded media con-
tent to the target device. In a typical scenario, media
content received by source device 102 and destined for
synchronization with a target playback device 104 is ful-
ly transcoded prior to the time the target device 104 is
connected to the source device. Thus, synchronizing
media content between the source device 102 and tar-
get playback device 104 is uninhibited by the transcod-
ing process, and the time for synchronizing the content
is significantly reduced.

[0015] Source computing device 102 is typically im-
plemented as a user's primary computing device, such
as a desktop personal computer (PC). Source device
102 might also be implemented as other conventional
computing devices generally configured to receive and
render multi-media content from various sources, and/
or to reformat such content for synchronization and play-
back on a target playback device 104. An example of a
source computing device 102 is depicted in Fig. 13 and
described in greater detail below in the Exemplary Com-
puting Environment section.

[0016] Target media playback device 104 may be im-
plemented as any one of numerous digital media player
devices available from various manufacturers. Such de-
vices are typically configured to store and play back au-
dio data in the form of variously formatted music files
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such as MP3 (MPEG-1 Audio Layer 3) files and WMA
(Windows Media Audio) files. A lesser, but growing,
number of such devices are also configured to store and
play back video data in the form of variously formatted
video files such as MPEG-4 files and WMV (Windows
Media video) files. Therefore, examples of a target me-
dia playback device 104 may include various general-
purpose laptop and notebook computers configured to
playback media content, in addition to devices that are
more specifically designed to play back various forms
of multimedia, such as Rio's Rio Riot and Rio Karma,
Archos' Jukebox Recorder 20 and AV320 Pocket Audio/
Video Recorder, Creative's Jukebox Zen and Portable
Media Center Zen, Apple's iPod, ZVUE's MP4 Video
Player, and so on.

Exemplary Background Transcoding Embodiments

[0017] Fig. 2 illustrates a block diagram representa-
tion of an exemplary source device 102 that is suitable
for background transcoding of media content destined
for copying to a target playback device 104. Various
components on source device 102 facilitate the retrieval
and management of media content for the general pur-
pose of rendering the content on source device 102 and/
or synchronizing the content with a target playback de-
vice 104. These components include an operating sys-
tem 200, one or more media source applications 202, a
media player application 204, a media content synchro-
nization program module 206, a media library, and a
transcode architecture 110 embodied on one or more
processor-readable media (see Fig. 13 and Exemplary
Computing Environment section below). Although these
components are illustrated separately on source device
102, it is noted that any one or more of these compo-
nents may be implemented on source device 102 as part
of multimedia software product, the operating system
200, or as stand-alone components.

[0018] A media source application 202 may be one or
more of various applications and/or tools configured to
receive media content. For example, media source ap-
plication 202 may be an interactive TV service applica-
tion that facilitates the recording of video (e.g., TV pro-
gramming) directly off of a cable and/or satellite feed, a
video capture component to transfer home video foot-
age from a digital video recorder onto source device
102, a Web browser application that facilitates down-
loading media off the Internet, and so on. Such media
source applications 202 typically supply various forms
of media content 212 to a media library 208 on source
device 102. Thus, media content 212 stored in media
library 208 may include, for example, audio files in the
form of MP3 and WMA files, video files in the form of
DVR-MS, AVl and MOV files, and image files in the form
of GIF and JPEG files.

[0019] A media source application 202 may also in-
clude or be part of a media player application 204. A
media player application 204 is typically a desktop
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based application player that manages a broad range
of multimedia related tasks. For example, a media play-
er application 204 may handle streaming audio and vid-
eo, CD/DVD playback, MP3 and WMA support, encod-
ing, CD/DVD burning, Internet radio, and the like. A me-
dia player application 204 may also offer Web browser
integration so it can be embedded in a browser enabling
multitasking during streaming video. Like other media
source applications 202, a media player application 204
may supply various forms of media content 212 (e.g.,
audio files, video files, image files, etc.) to a media li-
brary 208 on source device 102.

[0020] As part of a media player application 204, the
operating system 200, or as a stand-alone component,
synch module 206 provides a user-configurable model
for facilitating the transfer of a subset of a user's digital
media content 212 to one or more target devices 104
from the media library 208 on source device 102. Ex-
amples of media content 212 in media library 208 may
include audio, video, text, or image files. Media content
212 may also include a static or automated playlist of
files (e.g., audio, video, and images) or any grouping of
files or data. Some files in the media library 208 may be
more or less important to the user than others, and the
synch module 206 may assign a transfer priority to files
in the library to indicate their relative importance or de-
sirability to the user.

[0021] Components of the transcode architecture 210
interact with synch module 206 other components of
source device 102 to facilitate transcoding of media con-
tent 212 as a background process on source device 102
in anticipation of transferring transcoded media content
214 to one or more target devices 104. The transcode
architecture 210 includes transcode manager 216, a
transcode database 218, and a transcode cache 220 for
storing transcoded media content 214.

[0022] Transcode database 218 generally includes
media status information regarding one or more poten-
tial target playback devices 104 and device capability
information regarding the potential target devices 104.
Figs. 3-5 illustrate exemplary tables within transcode
database 218 that show examples of the types of media
status information and device capabilities information
that may be stored in transcode database 218. In Fig.
3, for example, four potential target devices (A, B, C,
and D) are shown, with additional details provided for
target device A. For each potential target device, the ex-
ample media status information in the transcode data-
base tables includes a "Desired Media" data column,
which indicates the media that a user desires to have
transferred to the target device during the next synchro-
nization process, a "Media In Media Library Yet?" data
column, which indicates whether the desired media has
been stored in the media library 208 yet, a "Media On
Target Device Yet?" data column, which indicates
whether the desired media has been transferred to the
target device yet, and a "Media Transcoded Yet?" data
column, which indicates whether the desired media has
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been transcoded and stored in the transcode cache 220.
The transcode database 218 also includes information
about the capabilities of each potential target device
104. The device capabilities information includes data
such as the media file formats a device is capable of
playing back (e.g., GIF, JPEG, MP3, WMA, AVI, WMV,
etc.), the bit rate that the device is capable of handling,
and the screen resolution the device has assuming the
device is video capable. It is noted that the manner and
extent of the media and capabilities information illustrat-
ed and discussed with respect to Figs. 3-5 is intended
as an example only, and is not intended as a limitation
as to the manner and extent of any information that
might be stored in the transcode database 218.

[0023] Transcode manager 216 monitors and up-
dates transcode database 218 in order to control a
transcoding process that runs in the background on
source device 102 such that transcoded media content
214(A) is stored in transcode cache 220 and ready to
be transferred to a target playback device 104 when the
device is connected to source device 102. The synch
module 206 updates the transcode database 218 with
the desired media content for each target device 104
and with information about whether that content has
been transferred and/or transferred to the device. The
synch module 206 can also check the arrival of new me-
dia content 212 in the media library 208 against the de-
sired media content for each target device 104, and de-
termine whether the desired media has been transferred
to the appropriate target playback device 104.

[0024] If desired media is available that has not been
transferred to the appropriate target device 104, the
transcode manager 216 determines from the transcode
database 218 whether the desired media has been
transcoded according to the device's capabilities and
stored in the transcode cache 220. If there is media con-
tent 212 in the media library 208 that needs to be trans-
coded for a target playback device 104, transcode man-
ager 216 determines the capabilities of the device from
the transcode database 218, accesses the appropriate
media content from the media library 208, transcodes
the media content, and stores the transcoded media
content 214(A) into the transcode cache 220. Upon the
next connection of the appropriate target device 104,
transcode manager 216 determines from the database
that transcoded media content 214(A) is available to be
transferred. Transcode manager 216 then notifies the
synch module 206 that the transcoded media content
214(A) is available in the transcode cache 220 to be
transferred to the target device. In another implementa-
tion, the transcode manager 216 itself transfers the
transcoded media content 214(A) to the target playback
device 104.

[0025] The process of transcoding media files is well-
known and can include (depending on device capabili-
ties), for example, converting a media file from one for-
mat to another (e.g., MP3 to WMA) so the file will play
on the target playback device 104, down-sampling a
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media file to a lower bit rate for compatibility with the
target device and to reduce the amount of storage space
needed on the target device, and adapting the screen
size of a video file so the video plays back correctly on
the target playback device. Transcoding is often used
to convert a media file to a format having lower CPU
requirements for decoding, since "desktop" content may
be too complex to decode effectively on a device with a
lower-powered processor, such as a portable media
playback device. Transcoding can also include various
other processes for altering media files, and those men-
tioned herein are included by way of example only and
not by way of limitation. Thus, other examples of trans-
coding include altering the word length of individual data
samples (e.g. 24 bit to 16 bit), independently of the ac-
tual bitrate, altering the complexity profile of the encoder
portion of the transcoding process to a more complex
or more simple resultant file for purposes of managing
CPU requirements at the destination device, and chang-
ing representative color spaces between the source and
destination files as required by the target device (e.g.
YUV to RGB, or vice versa).

[0026] An example of managing background trans-
coding processes through transcode database 218 can
be demonstrated with reference to a "Target Device A"
as shown in Figs. 3-5. Within the columns of the exam-
ple database tables of Figs. 3-5, a check mark "W is in-
tended to provide an affirmative indication, while an "X"
is intended to provide a negative indication. In Fig. 3,
information in the 1st column labeled "Desired Media"
indicates that a user desires that episodes of "Friends",
"Cops", and the "Simpsons" be copied to Target Device
A when the target device is connected to the source de-
vice 102. The desired media information in database
218 typically originates from user entries into source de-
vice 102 through an interface supported by various ap-
plications or tools, such as an interactive TV service me-
dia source application 202 that facilitates the recording
of video (e.g., TV programming) directly off of a cable
and/or satellite feed, a media player application 204, the
synch module 206, and so on.

[0027] In Fig. 3, check marks in the 2nd column la-
beled "Media In Media Library Yet?" indicate that media
files for an episode of Friends and an episode of Cops
(i.e., both from Desired Media column) have been stored
in the media library 208. The "X" in the 2"d column indi-
cates that there is not a media file for the Simpsons in
the media library 208. Likewise, "X"s in the 3" column
indicate that none of the desired media has been trans-
ferred yet to the target device, and "X"'s in the 4th column
indicate that none of the desired media has yet been
transcoded and stored in the transcode cache 220.
[0028] When a desired media file is stored in the me-
dia library 208, such as with the media files for Friends
and Cops as shown in Fig. 3, the transcode manager
216 begins transcoding the media file in anticipation of
copying the transcoded media to the target device. In
general, desired media files are transcoded in the order
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in which they become available in the media library 208.
However, as discussed below, the transcoding priority
can change.

[0029] Priorto transcoding a media file, the transcode
manager 216 determines the target device capabilities
from the transcode database 218 and transcodes the
media file accordingly. As shown in the 5t column of
Fig. 3, the indicated device capabilities may include, for
example, available file formats, bit rates, and screen
resolution for the specified target device (i.e., Target De-
vice A).

[0030] Thus, assuming in Fig. 3 that the Friends epi-
sode has been recorded in the media library 208 prior
to the Cops episode, the transcode manager 216 begins
transcoding the media file for the Friends episode, after
which it transcodes the media file for the Cops episode.
The transcode manager 216 stores the transcoded me-
dia files in the transcode cache 220 as transcoded me-
dia content 214(A) where it remains until it is transferred
to the target device upon connection of the target device
with the source device.

[0031] Fig. 4 illustrates a possible future state of the
database table shown in Fig. 3. In Fig. 4, check marks
in the 2nd column indicate that all the desired media con-
tent identified in the 15t column has been stored in the
media library 208. Check marks in the 4th column further
indicate that this media content has already been trans-
coded and stored in the transcode cache 220 as trans-
coded media content 214(A). Upon connection of Target
Device A 104 with source device 102, the transcode
manager 216 checks the transcode database 218 and
determines that the desired media content for Target
Device A has already been transcoded and is stored in
the transcode cache 220. The transcode manager 216
can then manage the copying of the transcoded media
content 214(A) directly to the target playback device
104, or can notify another tool, such as the synch mod-
ule 206, that the transcoded media content 214(A) is
ready to be transferred to the target playback device
104.

[0032] Fig. 5 illustrates yet another possible future
state of the database table shown in Fig. 3. In Fig. 5,
check marks in the 2nd, 3rd and 4th columns indicate
that the desired media identified in the 1St column for
Target Device A has been stored in the media library
208, and that it has already been transcoded and copied
to Target Device A. After transcoded media content 214
(A\) in the transcode cache 220 has been transferred to
the appropriate target playback device 104, transcode
manager 216 typically deletes it from the cache. How-
ever, transcode manager 216 may first evaluate the
transcode database 218 with respect to other target
playback devices (e.g., Target Devices B, C, and D; Fig.
3) and determine if the transcoded media content is de-
sired by any of these other devices. If so, the transcode
manager 216 will retain the transcoded media content
in the transcode cache until such time as it is copied to
the other device or devices.
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[0033] As mentioned above, desired media files are
generally transcoded in the order in which they become
available in the media library 208. However, the priority
in which media files from the media library 208 are trans-
coded for target playback devices can change, espe-
cially where more than one target playback device 104
is involved. For example, Fig. 6 illustrates an example
of media files that have been stored in the media library
208 in the order in which they were received into the
media library. In this example, each of the media files is
a desired media file with respect to one or more target
playback devices 104.

[0034] Alsoshown in Fig. 6, is an example of a Trans-
code Priority Queue that may be a of the transcode da-
tabase 218. As the Transcode Priority Queue indicates,
desired media files from the media library 208 are nor-
mally transcoded in the order in which they arrive in the
media library 208. Thus, in the Fig. 6 scenario, the media
file for the Friends episode would be transcoded first for
target device A, the media file for the 60 Minutes episode
would be transcoded second for the target device C, and
so on, until the media file for the Simpsons episode is
transcoded last for target device A. Fig. 7 illustrates an
exemplary transcode timeline that shows this typical pri-
ority order of transcoding the media files shown in Fig. 6.
[0035] In certain circumstances, however, the typical
priority order of transcoding can change. For example,
referring again to Fig. 6, assume that the transcode
manager 216 has already transcoded the media file for
the Friends episode and is in the process of transcoding
the media file for the 60 Minutes episode. Further as-
sume that during the 60 Minutes transcode process, a
user connects target playback device A to source device
102. In such a circumstance, it is clear that the user
wants target playback device A synchronized with de-
sired media content for that device. Therefore, trans-
code manager 216 is configured to adjust the transcode
priority queue to accommodate the circumstance. In this
case, transcode manager 216 interrupts the transcode
process for the 60 Minutes episode and bumps up the
transcode priority for all media files that are desired me-
dia files for target device A. Thus, as indicated by the
arrows 600 of Fig. 6, the media files for the Cops episode
and the Simpsons episode are bumped up in front of the
60 Minutes episode, and the transcode manager 216
immediately begins transcoding these media files.
[0036] Fig. 8 further illustrates this scenario with an
exemplary transcode timeline. The transcode timeline
of Fig. 8 shows that the Friends media file desired for
target device A is transcoded first, after which the 60
Minutes episode desired for target device C begins the
transcoding process. Part way through the 60 Minutes
transcode, the transcode manager 216 interrupts the
process and begins to transcode the remaining desired
media files for target device A (i.e., the Cops episode
and the Simpsons episode). The interrupt is indicated
in Fig. 8 by the timeline break 800, and is initiated by a
user connecting target device A to source device 102.
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After the transcode process is completed for desired
media files indicated for target device A, the transcode
manager 216 resumes the previously interrupted trans-
coding process for the 60 Minutes episode. The resump-
tion of transcoding for the 60 Minutes episode is indicat-
ed in Fig. 8 by the timeline break 802.

[0037] Inanother circumstance, the transcode priority
can be interrupted or throttled based on a request from
an application. Because transcoding can be a processor
intensive task, the transcode manager 216 enables ap-
plications to request that the transcode process be in-
terrupted and/or throttled back in order that the proces-
sor is free to perform tasks associated with the request-
ing application. Fig. 9 illustrates an example transcode
timeline where the general order of transcoding shown
in Fig. 6 is proceeding, but is interrupted by an applica-
tion request to discontinue the transcoding process. In
Fig. 6, a media file for the Bachelor is being transcoded
after media files for Friends and for 60 Minutes have al-
ready been transcoded. During the transcoding of the
Bachelor media file, the transcode manager 216 inter-
rupts the transcode process due to a request made by
an application. Such a request might be to discontinue
the transcoding until such time as a particular process
related to executing the application has been complet-
ed. In Fig. 9, the timeline break 900 part way through
the Bachelor indicates where the transcode manager
216 discontinues the transcoding process based on a
request by an application, and the timeline break 902
indicates where the transcode manager 216 resumes
the transcoding process once the application request
has been honored.

[0038] Fig. 10 illustrates an example where an appli-
cation request causes the transcode manager 216 to
throttle back the CPU power being devoted to the trans-
coding process on the source device 102. Thus, a re-
quest from an application may indicate the amount of
CPU power the application needs to execute, enabling
the transcode manager 216 to determine how much to
throttle back the CPU power being devoted to a trans-
coding process. In the Fig. 10 example, during a 1sttime
period 1000, 90% of the CPU power is being devoted to
transcoding a media file for a Friends TV episode. Dur-
ing a 2nd time period 1002, the transcode manager 216
has throttled back the CPU power devoted to transcod-
ing the Friends episode to 50% due to a request from
an application. During a 34 time period 1004, the CPU
power devoted to transcoding is throttled back up to
90%. During a 4t time period 1006, the CPU power de-
voted to transcoding is throttled to 0% (i.e., transcoding
is discontinued), and then during a 5th time period 1008,
the CPU power devoted to transcoding is throttled back
up to 90 %. It is noted that the description of throttling
provided above with respect to Fig. 10 is intended as an
example only and not as any limitation as to the nature,
manner or amount of throttling capable by the transcode
manager 216.
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Exemplary Methods

[0039] Example methods for background transcoding
will now be described with primary reference to the flow
diagrams of Figs. 11 and 12. The methods apply to the
exemplary embodiments discussed above with respect
to Figs. 1-10. While one or more methods are disclosed
by means of flow diagrams and text associated with the
blocks of the flow diagrams, it is to be understood that
the elements of the described methods do not neces-
sarily have to be performed in the order in which they
are presented, and that alternative orders may result in
similar advantages. Furthermore, the methods are not
exclusive and can be performed alone or in combination
with one another. The elements of the described meth-
ods may be performed by any appropriate means in-
cluding, for example, by hardware logic blocks on an
ASIC or by the execution of processor-readable instruc-
tions defined on a processor-readable medium.

[0040] A "processor-readable medium," as used
herein, can be any means that can contain, store, com-
municate, propagate, or transport instructions for use or
execution by a processor. A processor-readable medi-
um can be, without limitation, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor
system, apparatus, device, or propagation medium.
More specific examples of a processor-readable medi-
um include, among others, an electrical connection
(electronic) having one or more wires, a portable com-
puter diskette (magnetic), a random access memory
(RAM) (magnetic), a read-only memory (ROM) (mag-
netic), an erasable programmable-read-only memory
(EPROM or Flash memory), an optical fiber (optical), a
rewritable compact disc (CD-RW) (optical), and a port-
able compact disc read-only memory (CDROM) (opti-
cal).

[0041] At block 1102 of method 1100, the need to
transcode media content is anticipated. When media
content arrives in a media library 208 on a source device
102, a transcode manager 216 evaluates information in
a transcode database 218 regarding the status of media
content for one or more target playback devices 104.
The transcode manager determines from the database
information whether the target playback device is in-
tended to receive the media content, whether the media
content has been transferred yet to target playback de-
vice, and whether the media content needs to be trans-
coded prior to transfer to the target playback device.
[0042] Atblock 1104, some or all of the media content
is transcoded on the source device 102 before the target
playback device 104 is connected to the source device.
The transcoding can include typical transcoding tasks
such as transcoding video media content from one for-
mat to another, transcoding audio media content from
one format to another, altering the bit rate of media con-
tent, and altering the screen size resolution of video me-
dia content. The transcoding also includes evaluating
device capability information in transcode database to
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determine the target playback device capabilities. The
transcode manager 216 transcodes the media content
according to the device capability information and stores
the transcoded media content into a transcode cache
220.

[0043] Atblock 1106, a connection between the target
playback device 104 and the source device 102 is
sensed, and at block 1108, the transcoded media con-
tent is copied from the transcode cache 220 over to the
target playback device 104. As part of the copying proc-
ess, the transcode manager 216 determines that the tar-
get playback device is intended to receive the media
content, that the media content has not yet been trans-
ferred to the target playback device, and that the media
content has already been transcoded and is stored in
the transcode cache.

[0044] The method 1100 continues at block 1110 of
Fig. 12. At block 1110, the transcoded media content is
deleted from the transcode cache after it is copied to the
target playback device. Prior to deleting the transcoded
media content, however, the transcode manager 216
evaluates the transcode database 218 to determine if
other target playback devices are intended to receive
the media content. If there are no other target playback
devices intended to receive the media content, the
transcoded media content is deleted from the cache.
However, if there is another target playback device in-
tended to receive the media content, the transcoded
media content is retained in the cache until it is copied
to the other target playback device.

[0045] At block 1112, a request is received to reduce
the level of transcoding. The request is typically made
by an application program that is indicating an amount
of processing power it needs to perform some task.
Thus, the request is to reduce the amount of processing
power being devoted to the transcoding. At block 1114,
the transcode manager 216 throttles back the level of
transcoding in response to the request. The throttling
back includes reducing the amount of processing power
the source device 102 is devoting to the transcoding. At
block 1116, another request is received to increase or
resume the transcoding. The request is typically made
as a result of the application program completing the
task that caused the transcode manager to throttle back
the transcoding. In response to the other request, the
transcode manager increases or resumes the prior level
of transcoding, as shown at block 1118.

[0046] Atblock 1120, during the first transcoding proc-
ess, a connection to a different target device is sensed.
The transcode manager 216 determines if there is me-
dia content intended for the different target device, and
if so, adjusts the priority in which media content is being
transcoded for target media devices, as shown at block
1122. Adjusting the transcode priority of media content
can include interrupting the current/first transcoding
process, initiating a second transcode process to trans-
code different media content for the different target play-
back device, and, after the second transcode process
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is completed, resuming the first transcode process. The
interruption and resumption of the first transcode proc-
ess is an adjustment to a normal transcode priority as
generally discussed above with respect to Figs. 6 - 8.

Exemplary Computing Environment

[0047] Fig. 13 illustrates an exemplary computing en-
vironment for implementing a source device 102 suita-
ble for background transcoding such as discussed
above with reference to Figs. 1 - 12. Although one spe-
cific configuration is shown in Fig. 13, a source device
102 may also be implemented in other computing con-
figurations.

[0048] The computing environment 1300 includes a
general-purpose computing system in the form of a
computer 1302. The components of computer 1302 may
include, but are not limited to, one or more processors
or processing units 1304, a system memory 1306, and
a system bus 1308 that couples various system compo-
nents including the processor 1304 to the system mem-
ory 1306.

[0049] The system bus 1308 represents one or more
of any of several types of bus structures, including a
memory bus or memory controller, a peripheral bus, an
accelerated graphics port, and a processor or local bus
using any of a variety of bus architectures. An example
of a system bus 1308 would be a Peripheral Component
Interconnects (PCI) bus, also known as a Mezzanine
bus.

[0050] Computer 1302 includes a variety of computer-
readable media. Such media can be any available me-
dia that is accessible by computer 1302 and includes
both volatile and non-volatile media, removable and
non-removable media. The system memory 1306 in-
cludes computer readable media in the form of volatile
memory, such as random access memory (RAM) 1310,
and/or non-volatile memory, such as read only memory
(ROM) 1312. A basic input/output system (BIOS) 1314,
containing the basic routines that help to transfer infor-
mation between elements within computer 1302, such
as during start-up, is stored in ROM 1312. RAM 1310
contains data and/or program modules that are imme-
diately accessible to and/or presently operated on by the
processing unit 1304.

[0051] Computer 1302 may also include other remov-
able/non-removable, volatile/non-volatile computer
storage media. By way of example, Fig. 13 illustrates a
hard disk drive 1316 for reading from and writing to a
non-removable, non-volatile magnetic media (not
shown), a magnetic disk drive 1318 for reading from and
writing to a removable, non-volatile magnetic disk 1320
(e.g., a "floppy disk"), and an optical disk drive 1322 for
reading from and/or writing to a removable, non-volatile
optical disk 1324 such as a CD-ROM, DVD-ROM, or
other optical media. The hard disk drive 1316, magnetic
disk drive 1318, and optical disk drive 1322 are each
connected to the system bus 1308 by one or more data
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media interfaces 1325. Alternatively, the hard disk drive
1316, magnetic disk drive 1318, and optical disk drive
1322 may be connected to the system bus 1308 by a
SCSl interface (not shown).

[0052] The disk drives and their associated computer-
readable media provide non-volatile storage of compu-
ter readable instructions, data structures, program mod-
ules, and other data for computer 1302. Although the
example illustrates a hard disk 1316, a removable mag-
netic disk 1320, and a removable optical disk 1324, it is
to be appreciated that other types of computer readable
media which can store data that is accessible by a com-
puter, such as magnetic cassettes or other magnetic
storage devices, flash memory cards, CD-ROM, digital
versatile disks (DVD) or other optical storage, random
access memories (RAM), read only memories (ROM),
electrically erasable programmable read-only memory
(EEPROM), and the like, can also be utilized to imple-
ment the exemplary computing system and environ-
ment.

[0053] Anynumber of program modules can be stored
on the hard disk 1316, magnetic disk 1320, optical disk
1324, ROM 1312, and/or RAM 1310, including by way
of example, an operating system 1326, one or more ap-
plication programs 1328, other program modules 1330,
and program data 1332. Each of such operating system
1326, one or more application programs 1328, other
program modules 1330, and program data 1332 (or
some combination thereof) may include an embodiment
of a caching scheme for user network access informa-
tion.

[0054] Computer 1302 can include a variety of com-
puter/processor readable media identified as communi-
cation media. Communication media embodies compu-
ter readable instructions, data structures, program mod-
ules, or other data in a modulated data signal such as
a carrier wave or other transport mechanism and in-
cludes any information delivery media. The term "mod-
ulated data signal" means a signal that has one or more
of its characteristics set or changed in such a manner
as to encode information in the signal. By way of exam-
ple, and not limitation, communication media includes
wired media such as a wired network or direct-wired
connection, and wireless media such as acoustic, RF,
infrared, and other wireless media. Combinations of any
of the above are also included within the scope of com-
puter readable media.

[0055] A user can enter commands and information
into computer system 1302 via input devices such as a
keyboard 1334 and a pointing device 1336 (e.g., a
"mouse"). Other input devices 1338 (not shown specif-
ically) may include a microphone, joystick, game pad,
satellite dish, serial port, scanner, and/or the like. These
and other input devices are connected to the processing
unit 1304 via input/output interfaces 1340 that are cou-
pled to the system bus 1308, but may be connected by
other interface and bus structures, such as a parallel
port, game port, or a universal serial bus (USB).
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[0056] A monitor 1342 or other type of display device
may also be connected to the system bus 1308 via an
interface, such as a video adapter 1344. In addition to
the monitor 1342, other output peripheral devices may
include components such as speakers (not shown) and
a printer 1346 which can be connected to computer
1302 via the input/output interfaces 1340.

[0057] Computer 1302 may operate in a networked
environment using logical connections to one or more
remote computers, such as a remote computing device
1348. By way of example, the remote computing device
1348 can be a personal computer, portable computer, a
server, a router, a network computer, a peer device or
other common network node, and the like. The remote
computing device 1348 is illustrated as a portable com-
puter that may include many or all of the elements and
features described herein relative to computer system
1302.

[0058] Logical connections between computer 1302
and the remote computer 1348 are depicted as a local
area network (LAN) 1350 and a general wide area net-
work (WAN) 1352. Such networking environments are
commonplace in offices, enterprise-wide computer net-
works, intranets, and the Internet. When implemented
in a LAN networking environment, the computer 1302 is
connected to a local network 1350 via a network inter-
face or adapter 1354. When implemented in a WAN net-
working environment, the computer 1302 includes a mo-
dem 1356 or other means for establishing communica-
tions over the wide network 1352. The modem 1356,
which can be internal or external to computer 1302, can
be connected to the system bus 1308 via the input/out-
put interfaces 1340 or other appropriate mechanisms.
It is to be appreciated that the illustrated network con-
nections are exemplary and that other means of estab-
lishing communication link(s) between the computers
1302 and 1348 can be employed.

[0059] In a networked environment, such as thatillus-
trated with computing environment 1300, program mod-
ules depicted relative to the computer 1302, or portions
thereof, may be stored in a remote memory storage de-
vice. By way of example, remote application programs
1358 reside on a memory device of remote computer
1348. For purposes of illustration, application programs
and other executable program components, such as the
operating system, are illustrated herein as discrete
blocks, although itis recognized that such programs and
components reside at various times in different storage
components of the computer system 1302, and are ex-
ecuted by the data processor(s) of the computer.

Conclusion

[0060] Although the invention has been described in
language specific to structural features and/or method-
ological acts, it is to be understood that the invention
defined in the appended claims is not necessarily limited
to the specific features or acts described. Rather, the
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specific features and acts are disclosed as exemplary
forms of implementing the claimed invention.

Claims
1. A method comprising:

anticipating a need to transcode media content
for a target playback device; and

transcoding the media content on a source de-
vice before the target playback device is con-
nected to the source device.

2. A method as recited in claim 1, wherein the antici-
pating comprises:

receiving the media content in a media library;
and

in response to the receiving, evaluating data
stored in a transcode database to determine if
one or more potential target playback devices
is intended to receive the media content.

3. A method as recited in claim 2, wherein the evalu-
ating comprises:

determining that the target playback device is
intended to receive the media content;
determining that the media content has not yet
been transferred to the target playback device;
determining that the media content needs to be
transcoded prior to being transferred to the tar-
get playback device; and

determining that the media content has not yet
been transcoded.

4. A method as recited in claim 1, wherein the trans-
coding comprises:

evaluating device capability information stored
in a transcode database, the device capability
information indicating capabilities of the target
playback device;

transcoding the media content according to the
device capability information; and

storing the transcoded media contentin a trans-
code cache.

5. A method as recited in claim 1, wherein the trans-
coding is selected from the group comprising:

transcoding video content from one format to
another format;

transcoding audio content from one format to
another format;

altering the bit rate of the media content;
altering screen size resolution of video content;
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altering a word length of an individual data sam-
ples independently of bit rate;

altering a complexity profile of an encoder por-
tion of a transcoding process to manage
processing requirements at the target playback
device; and

changing representative color spaces between
a source file and a destination files as required
by the target playback device.

6. A method as recited in claim 1, further comprising:

sensing that the target playback device has
been connected to the source device; and
copying the transcoded media content from a
transcode cache on the source device to the
target playback device.

7. Amethod as recited in claim 6, wherein the copying
comprises:

determining that the media content is desired
content for the target playback device;
determining that the media content has not yet
been transferred to the target playback device;
determining that the media content needs to be
transcoded prior to being transferred to the tar-
get playback device; and

determining that the media content has already
been transcoded and is stored in the transcode
cache.

8. A method as recited in claim 6, further comprising
deleting the transcoded media content from the
transcode cache after the copying.

9. A method as recited in claim 6, further comprising:

evaluating data stored in a transcode database
to determine if a different target playback de-
vice is intended to receive the media content;
and

if there is not a different target playback device
intended to receive the media content, deleting
the transcoded media content from the trans-
code cache after the copying.

10. A method as recited in claim 1, wherein the trans-
coding is a first transcoding process, the method
further comprising:

sensing that a different target playback device
is connected to the source device during the
first transcoding process; and

adjusting a transcode priority to accommodate
the different target playback device.

11. Amethod as recited in claim 10, wherein the adjust-
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ing a transcode priority comprises:

interrupting the first transcoding process;
running a second transcoding process to trans-
code different media content for the different
target playback device; and

resuming the first transcoding process when
the second transcoding process is complete.

A method as recited in claim 11, further comprising
copying transcoded different media content to the
different target playback device after the second
transcoding process is complete.

A method as recited in claim 1, further comprising:

receiving a request to reduce resources con-
sumed by the transcoding; and

throttling back the transcoding in response to
the request.

A method as recited in claim 13, further comprising:

receiving another request to increase the re-
sources consumed by the transcoding; and
throttling up the transcoding in response to the
other request.

A method as recited in claim 13, wherein the receiv-
ing a request comprises receiving a request from
an application program for a level of processing
power.

A method as recited in claim 15, wherein the throt-
ting back the transcoding comprises reducing
processing power devoted to the transcoding.

A method as recited in claim 13, wherein the re-
quest to reduce the transcoding is a request to stop
the transcoding and the throttling back the trans-
coding comprises stopping the transcoding.

A processor-readable medium comprising proces-
sor-executable instructions configured for:

receiving media content;

determining that a target playback device is in-
tended to be synchronized with the media con-
tent; and

transcoding the media content for the target
playback device before the target playback de-
vice is connected to be synchronized.

A processor-readable medium as recited in claim
18, further comprising storing transcoded media

content in a transcode cache.

A processor-readable medium as recited in claim

10

20

25

30

35

40

45

50

55

11

19, further comprising:

sensing that the target playback device is con-
nected for synchronization; and

copying the transcoded media content from the
transcode cache to the target playback device.

21. A processor-readable medium as recited in claim

20, further comprising:

determining if another target playback device
is intended to be synchronized with the media
content;

deleting the transcoded media content from the
transcode cache if another target playback de-
vice is not intended to be synchronized with the
media content; and

retaining the transcoded media content in the
transcode cache if another target playback de-
vice is intended to be synchronized with the me-
dia content.

22. A processor-readable medium as recited in claim

18, wherein the transcoding comprises:

determining device capabilities of the target
playback device; and

transcoding the media content in accordance
with the device capabilities.

23. A processor-readable medium as recited in claim

18, further comprising:

receiving an transcode interrupt request during
the transcoding; and

stopping the transcoding of the media content
for the target playback device in response to
the request.

24. A processor-readable medium as recited in claim

23, further comprising:

transcoding different media content for a differ-
ent target playback device; and

resuming the transcoding of the media content
for the target playback device after the trans-
coding different media content for the different
target playback device is completed.

25. A processor-readable medium as recited in claim

18, further comprising:

receiving an transcode reduction request dur-
ing the transcoding; and

reducing processor power devoted to the trans-
coding.

. A processor-readable medium as recited in claim
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25, further comprising:

receiving an transcode increase request during

the transcoding; and

increasing processor power devoted to the 5
transcoding.

27. A computer comprising the processor-readable me-
dium of claim 18.
10

28. A computer comprising:

a media library configured to store media con-
tent; and

a transcode architecture configured to pre- 15
transcode at least a portion of the media con-
tent in anticipation of a connection between a
target playback device and the computer.

29. A computer as recited in claim 28, wherein the 20
transcode architecture comprises:

a transcode cache;
a transcode database; and
a transcode manager configured to transcode 25
media content according to capabilities of the
target playback device stored in the transcode
database, and to store transcoded media con-
tent in the transcode cache.
30
30. A computer as recited in claim 29, wherein the
transcode database includes media status informa-
tion for one or more target playback devices.

31. A computer as recited in claim 29, further compris- 35
ing a synchronization module configured to provide
information to the transcode database indicating
media content desired for the target playback de-

vice.
40
32. A computer as recited in claim 28, further compris-
ing a media source application configured to pro-
vide media content to the media library.
45
50
55
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